SUMMARY Accumulating evidence suggests that hypertension hi blacks is manifested hi part by impaired renal excretion of salt. Consequently, this study was performed to determine if hypertensive and normotensive black subjects differ hi their ability to generate known natriuretic substances. Fourteen normotensive and 11 hypertensive blacks were maintained on constant metabolic diets containing either 40 or 180 mmol of salt per day for 14 days each. During the last 4 days of each salt intake period, urine was collected for measurement of sodium, dopamine, and norepinephrine. On the last day of each 14-day dietary period, blood pressures were measured, blood was collected for measurement of plasma atrial natriuretic factor (ANF) and aldosterone, and urine was collected over 2 hours for measurement of prostaglandin E 2 (PGE 2 ). Both the normotensive and the hypertensive groups manifested salt sensitivity; then-mean arterial pressure rose by 7 ± 0.2 and 6 ± 0.2%, respectively, when salt intake was increased from 40 to 180 mmoJ/day. The hypertensive group exhibited decreased (p < 0.05) dopamme excretion as compared with the normotensive group for both dietary salt intakes. Plasma ANF levels increased (p < 0.05) in the hypertensive group, but not in the normotensive group, with increasing dietary salt. Plasma aldosterone and urinary norepinephrine and PGE 2 were comparable in the two groups for both dietary salt Intakes. These data suggest that salt sensitivity is not unique to hypertensive blacks but occurs hi normotensive blacks as well. Decreased renal production of dopamme may be a pathogenic factor hi the development and maintenance of hypertension in blacks. compared with hypertension in whites, is characterized by a higher incidence of salt sensitivity '-4 in spite of the apparent lack of differences in sodium and salt intakes between the two populations. 5 The mechanisms involved in the relatively high incidence of salt-sensitive hypertension in blacks are poorly understood. However, an impaired natriuretic response to a salt load in hypertensive blacks could result from a reduced ability to generate natriuretic substances such as dopamine (DA), prostaglandin E? (PGE2), and atrial natriuretic factor (ANF).
H YPERTENSION in American blacks, as
compared with hypertension in whites, is characterized by a higher incidence of salt sensitivity '-4 in spite of the apparent lack of differences in sodium and salt intakes between the two populations. 5 The mechanisms involved in the relatively high incidence of salt-sensitive hypertension in blacks are poorly understood. However, an impaired natriuretic response to a salt load in hypertensive blacks could result from a reduced ability to generate natriuretic substances such as dopamine (DA), prostaglandin E? (PGE2), and atrial natriuretic factor (ANF).
There is a considerable body of evidence suggesting a relationship between renal production of DA and the ability of the kidney to excrete a salt load. 6 - 21 Enhanced dietary salt intake or infusion of saline results in an increase in urinary DA excretion and a decrease in norepinephrine excretion. 13 -22 That the dietary salt or saline-mediated natriuresis is causally linked to renal DA excretion is supported by the observation that administration of carbidopa, the peripheral inhibitor of the enzyme dopa decarboxylase, prevents the increases in urinary sodium in response to dietary salt 23 and saline infusion. 14 - 15 However, there is evidence that salt loading does not appropriately increase urinary DA excretion in hypertensive patients, 24 -M suggesting that decreased renal DA production in response to a salt load may play a role in the pathogenesis and maintenance of hypertension. Data from a recent report by Gill et al. 23 suggested that salt sensitivity in hypertensive patients with normal renin may be related in part to decreased urinary DA to norepinephrine ratios, particularly with high salt intake.
Since PGE2 synthesis can affect renal blood flow, glomerular filtration rate, and urinary sodium excretion, renal PGE? has been implicated in the patho-486 HYPERTENSION VOL 12, No 5, NOVEMBER 1988 genesis of hypertension. 26 -^ Like DA, prostaglandins are produced in the kidney, 28 ' K suggesting that local renal effects may be important even if systemic effects are not operative. 29 -^ Diminished urinary PGE? excretion has been reported in lowrenin hypertension, 31 -33 perhaps explaining in part both the suppression of renin secretion and the diminished natriuresis. 31 The recently described natriuretic peptides, known collectively as ANF, have potent natriuretic effects in animals and humans. 34 -36 In addition to causing natriuresis and diuresis, ANF has been shown to relax vascular smooth muscle 33 -% and inhibit aldosterone secretion, 36 -37 properties that have been shown for DA 6 as well. Furthermore, like urinary DA levels, plasma levels of ANF have been reported to increase on a high salt diet compared with levels observed on a low salt diet. 38 Consequently, the present study was conducted to determine the effects of low and high salt intakes on the rate of urinary excretion of DA and PGE^ and on plasma concentrations of ANF and aldosterone in normotensive and hypertensive blacks.
Materials and Methods
Fourteen normotensive subjects, with a mean age of 34 ± 6 years and a mean arterial pressure (MAP) of 87 ± 2 mm Hg, and 11 hypertensive subjects, with a mean age of 44 ± 8 years and a MAP of 103 ± 5 mm Hg, all having a strong family history of hypertension, took part in this study after informed consent was obtained. All study subjects had normal serum electrolyte levels and creatinine levels below 1.3 mg/dl. Blood pressure criterion for the diagnosis of hypertension was a supine diastolic pressure above 90 mm Hg or a supine systolic pressure above 140 mm Hg (or both) after being off all antihypertensive medications for 1 month. During the course of this study the subjects continued all normal activities but ate their meals under supervised conditions in our nutrition-metabolic unit. This metabolic study was divided into two 14-day periods, in which subjects received a low salt (40 mmol/day for the first 14 days) or a high salt (180 mmol/day for the last 14 days) diet. The high salt diet was identical to the low salt diet except for supplementation with sodium chloride. Dietary amino acid composition, which can affect urinary DA excretion, remained constant throughout the 28 days of this metabolic study.
During the last 4 days of each 14-day period, four consecutive complete 24-hour urine samples were collected for analysis of catecholamines and sodium. On Day 14 of each study period, the subjects collected urine over 2 hours for PGE^ measurement; a heparin lock was then inserted, and blood samples were drawn after subjects had been supine for 30 minutes. Blood pressures were also obtained after 30 minutes in a supine position using an automatic cuff method (Critikon Dinamap, Tampa, FL, USA).
MAPs were calculated as diastolic plus one third pulse (systolic-diastolic) pressure.
Urinary catecholamines were measured by highperformance liquid chromatography with electrochemical detection. 14 The sensitivity of this assay is 5 pg for DA and norepinephrine. Urinary PGE? was measured by radioimmunoassay using the Dray antibody. 31 - 39 This antibody has been demonstrated to be highly specific for PGE2. 39 Urinary sodium was measured by flame atomic absorption spectrophotometry. Plasma immunoreactive ANF was measured by an assay employing minor modifications of that described by Shenker et al. 38 Acidified plasma was extracted from C, 8 cartridges with acidified ethanol, the eluate was dried, and the reconstituted sample was assayed for ANF in the following manner: The sample was incubated for 16 hours at 4 °C with rabbit antihuman antibody (Peninsula Laboratories, Belmont, CA, USA) and [ 123 I]rat ANF (Amersham, Arlington Heights, IL, USA) with various concentrations (1-200 fmol/tube) of synthetic human ANF standard. Dextran-coated charcoal was used to separate bound from free hormone. Plasma aldosterone concentrations were determined by radioimmunoassay after extraction with methylene chloride. 40 The intra-assay variability was 7% for pooled plasma, and the sensitivity was 2 ng/dl for aldosterone measurements. All comparative data (normotensive vs hypertensive subjects on the two salt intakes) were analyzed by factorial analysis of variance. Data are expressed as means ± SE.
Results
In changing from the normal salt diet to the low salt diet, MAP decreased by 5 to 10 mm Hg in all normotensive and hypertensive subjects. Daily urinary sodium values on samples collected over 4 consecutive days were commensurate with the dietary sodium intake (Table 1) . Salt sensitivity in this study was arbitrarily defined as an increase in MAP of at least 5% or an increase of systolic pressure of at least 10% in going from the low (40 mmol NaCl) to the high (180 mmol NaCl) daily dietary salt intake (see Table 1 ). This arbitrary definition is in general accordance with arbitrary definitions of salt sensitivity in two prior dietary studies employing more extreme differences in sodium intake (10-200 mmol 41 ; 9-249 mmol 25 ). There was an increase of 6 ± 0.2 mm Hg (6 ± 0.2%) in MAP and an increase of 10 ± 0.2 mm Hg (7 ± 1.2%) in systolic pressure in the hypertensive subjects. In the normotensive group there was a mean increase (6 ± 0.2 mm Hg; 7 ± 0.2%) in MAP and an increase (12 ± 0.3 mm Hg; 10.5 ± 1.3%) in systolic pressure with increasing salt intake. Thus, the nonnotensive group of black subjects was clearly as salt-sensitive as the hypertensive group. Similarly, plasma aldosterone was appropriately suppressed with increasing salt intake, and the suppression was comparable in the two study groups on the two dietary salt intakes (see Table 1 ). As can be seen in Figure 1 , the 24-hour urinary excretion of DA was greater (p < 0.01) for the normotensive subjects than for the hypertensive subjects on both extremes of salt intake. With increasing salt intake urinary DA excretion increased 25% in normotensive and 40% in hypertensive subjects.
Urinary norepinephrine excretion was not different for the two groups on either dietary regimen (see Figure 1 ). Urinary norepinephrine decreased 29% in nonnotensive subjects and 40% in hypertensive subjects when salt intake was increased. The urinary DA to norepinephrine ratio was greater in the normotensive subjects than in the hypertensive subjects at the low (222%; p < 0.01), but not the high (140%), salt intake (see Figure 1 ). This ratio of urinary DA to norepinephrine increased (p < 0.05) only in the hypertensive group in going from a low salt to a high salt intake. There was no correlation between urinary sodium excretion and the urinary DA to norepinephrine ratio in either the normotensive or the hypertensive group. Plasma ANF levels were greater {p < 0.01) in the hypertensive group on the high salt diet and tended (p = 0.06) to be greater in the hypertensive group on the low salt diet (Figure 2 ). Although there was no change in ANF levels in the normotensive group, there was a 45% increase (p < 0.05) in ANF levels in the hypertensive group when dietary salt was increased.
Urinary PGEj excretion was not different in the two groups on either diet (Figure 3) . Further, urinary PGE2 excretion did not vary with changing salt intake.
Discussion
Blood pressure in both the black normotensive and hypertensive subjects in this study increased on changing from a relatively low to a high salt intake. This finding is in accord with previous observations 43 blacks. It is interesting that the normotensive blacks in this study were as saltsensitive as the hypertensive subjects. This observation strongly suggests that salt sensitivity is not a phenomenon that characterizes or is limited to the hypertensive population. It has previously been observed that normotensive blacks excrete a shortterm intravenous salt load over 24 hours to a lesser extent than do normotensive white subjects.
1 - 4 The observation that normotensive relatives of hypertensive subjects also have a blunted natriuretic response to short-term salt load is also consistent with salt sensitivity in the normotensive population. 44 Urinary DA excretion was decreased in the hypertensive subjects as compared with the normotensive subjects on both salt intakes. There was a slight increase in DA with increasing salt intake in both groups. This salt-induced increase in urinary DA excretion is less than that previously observed in normotensive whites, 17 -19 which is in agreement with a brief report of a negligible salt-induced increase in DA in West African blacks. 43 White subjects with essential hypertension have also been reported to exhibit lower levels of DA excretion compared with normotensive whites in response to increasing dietary salt intake. 24 -" Gill et al. 25 observed no increase in urinary DA in salt-sensitive and salt-resistant hypertensive subjects with normal renin in contrast to the rise in urinary DA in normotensive subjects on changing from a low to a high salt intake; although not specified, it is presumed that these patients were white. In line with these data demonstrating decreased urinary excretion of DA with salt loading is the observation that hypertensive whites appear to be more sensitive to the natriuretic and hypotensive effects of DA and DA agonists than normotensive subjects. 46 - 47 Thus, hypertensive blacks appear to differ from whites in that they have low urinary DA excretion under low dietary salt conditions but have urinary DA responses to salt similar to those of normotensive blacks. The diminished urinary DA response to dietary salt loading in normotensive blacks as compared with normotensive whites 17 -19 probably reflects the greater prevalence of salt sensitivity in the normotensive black population.
In contrast to our observations for urinary DA, the 24-hour urinary norepinephrine levels were similar in the two study groups on the two salt intakes. Both normotensive and hypertensive groups displayed a small decrease in urinary norepinephrine excretion when placed on the high salt diet. That urinary norepinephrine decreased with increasing salt intake i s consistent with previous reports.' • 8 -<*. *9 Changes in urinary excretion of norepinephrine with various salt loads appear to reflect changes in renal sympathetic nerve activity.
14 -50 - 51 Stimulation of renal sympathetic nerves or renal arterial infusion of norepinephrine increases tubular absorption of sodium and chloride independently of simultaneous changes in renal hemodynamics.
-
52 Therefore, decreases in renal excretion of norepinephrine associated with a high salt diet may reflect decreased renal sympathetic nerve traffic associated with the renal adaptation to increasing dietary salt. Campese et al. 41 noted that salt-sensitive hypertensive whites failed to suppress plasma norepinephrine levels in going from low to high salt intake. Gill et al. 23 also noted a failure of dietary salt loading to suppress urinary norepinephrine in both normotensive and salt-sensitive hypertensive whites. Thus, salt sensitivity in blacks appears to differ from that in whites in that it is not characterized by a failure of increasing dietary salt to suppress adrenergic activity. Our observations, as well as those of others, 1 -8 -9 of reciprocal changes in renal excretion of DA and norepinephrine in response to dietary salt intake suggest that modulation of renal production of both catecholamines may be important in the renal adaptation to different salt intakes.
Because of the natriuretic effects of DA and the antinatriuretic properties of norepinephrine, the ratio of urinary DA to norepinephrine may be a critical index of the overall net effects of catecholamines on the renal handling of salt. Accordingly, it is important to note that this "natriuretic index" was decreased in hypertensive blacks compared with normotensive blacks on the low salt intake, but not the high salt intake. This observation likely reflects the fact that the normotensive study group was also salt-sensitive and did not appropriately modulate renal catecholamine production in relationship to salt ingestion. In accordance with this concept, Gill et al. 25 noted that this natriuretic index characteristically rose much more strikingly in saltresistant than in salt-sensitive subjects. However, in the present study the natriuretic index was not correlated with urinary sodium excretion in either the normotensive or the hypertensive group. Weinberger et al. 49 reported that hypertensive subjects may have a lower natriuretic index than normotensive subjects and that the natriuretic index correlated closely with sodium excretion in normotensive subjects when they were subjected to various salt intakes. Although race and salt sensitivity were not identified in the article by Weinberger et al., 49 it is quite possible that the normotensive population was not salt-sensitive. Accordingly, the absence of a close relationship between salt intake and excretion and the natriuretic index in the present study may be characteristic of salt sensitivity in both normotensive and hypertensive subjects.
ANF has been implicated in the regulation of renal salt excretion as well as in the control of blood pressure. 35 -38 In this study we observed that saltsensitive black hypertensive subjects clearly have higher levels of plasma ANF than their normotensive counterparts when studied on a high salt intake. However, when the subjects were studied on a low salt diet, no difference in ANF levels existed between the hypertensive and the normotensive study groups. Several investigative groups 53 -M have reported elevated levels of ANF in patients with essential hypertension, both treated and untreated. Unfortunately, it is unclear whether these studies were performed under controlled salt intake, and they did not address the issue of salt sensitivity. Kohno et al. 55 reported that salt-sensitive hypertensive subjects demonstrated a greater rise in plasma levels of ANF in response to increasing salt intake than did non-salt-sensitive hypertensive subjects. Increased plasma ANF levels have also been reported in salt-sensitive rats. 56 - 57 Atrial secretion of ANF appears to be elicited by volume expansion. 38 Our data are thus consistent with the concept that the kidney in salt-sensitive hypertensive subjects is less effective in excreting a salt load, resulting in greater salt and water retention and a corresponding rise in plasma ANF.
Decreased renal PGE? production in blacks with low-renin black hypertension could explain in part both the decreased ability to excrete salt and the low-renin state, as PGEj stimulates renin secretion. 33 However, our data suggests that PGE2 production is comparable in black salt-sensitive normotensive and hypertensive subjects. This observation agrees with that of Campbell et al. 58 who did not observe decreased PGE2 in low-renin hypertensive subjects. These observations suggest that salt-sensitive hypertensive blacks may have subtle abnormalities in modulating renal PGE2 production with various salt intakes but that this abnormality probably does not contribute to their salt sensitivity.
Plasma aldosterone levels were comparable in the normotensive and hypertensive groups on both salt intakes. Both DA 6 and ANF 36 -37 are known inhibitors of aldosterone secretion. Therefore, enhanced ANF secretion and decreased DA production may have resulted in no net alteration in plasma aldosterone concentrations in our black salt-sensitive hypertensive subjects as compared with their normotensive counterparts. Furthermore, comparable salt intakerelated alterations in plasma aldosterone levels in the two groups suggest that salt-sensitive hypertension in blacks is not characterized by the nonmodulation of adrenal responsiveness that is observed in young salt-sensitive white hypertensive subjects. 59 -w Data from the present study indicate that salt sensitivity may be equally manifested in normotensive and hypertensive blacks. In both groups, this phenomenon may be related in part to a blunted increase in renal DA production in response to increased salt intake, which in turn results in a blunted natriuretic response. The observed reductions in urinary DA and the natriuretic index (DA to norepinephrine ratio) in the hypertensive subjects as compared with normotensive subjects further suggest a greater impairment in natriuretic response among hypertensive blacks.
